Abstract. The aim of the present study was to investigate the molecular mechanism associated with the traditional Chinese medicine formula Gui Zhu Yi Kun formula (GZYKF), in the treatment of polycystic ovary syndrome (PCOS). In this study, granulosa cells (GCs) of rats with PCOS were cultured and treated with testosterone propionate (TP) alone or with serum from rats treated with different doses of GZYKF. The effect of TP on cell growth was assayed using the MTT method. Expression levels of Beclin-1, light chain (LC)3, mechanistic target of rapamycin (mTOR), tumor suppressor p53 (p53), adenosine monophosphate-activated protein kinase (AMPK), sestrin2 and tuberous sclerosis protein 1/2 were evaluated using quantitative polymerase chain reaction and western blotting. It was demonstrated that TP increased the expression of Beclin-1 and LC3, whereas GZYKF significantly decreased the TP-induced expression of Beclin-1 (P<0.01). Additionally, GCs treated with GZYKF exhibited significant increases in mTOR, phosphorylated mTOR and AMPKα expression levels, and significant reductions in p53 and sestrin2 expression levels were observed. In conclusion, the findings of the present study suggest that a reduction in ovarian GCs in rats with PCOS may be associated with GC autophagy. Furthermore, the effects of GZYKF in mediating the p53/AMPK pathway may inhibit GC autophagy, which suggests a possible novel mechanism underlying the treatment of PCOS with GZYKF.
Introduction
Polycystic ovary syndrome (PCOS) is one of the most prevalent endocrine disorders in gynecology (1) . PCOS may lead to various reproductive endocrine disorders and long-term health complications, and is therefore a potential threat to the health of women. Despite its health impacts, the pathophysiology of PCOS remains to be elucidated. In a previous study, it was reported that treatment of PCOS using Gui Zhu Yi Kun formula (GZYKF) was effective (2) . However, the underlying mechanism associated with the therapeutic effects GZYKF also remains to be elucidated.
Autophagy is a cellular process which is known to participate in the pathological progression of various diseases. Autophagy is able to induce cell death that is distinct from that initiated by apoptosis (3) . In the heart, excessive autophagy may be induced by severe stress, which results in cell death (4) . Autophagic cell death may also occur if unfavorable metabolic conditions are established during cancer progression (5) and the inhibition of autophagy may be a potential avenue for anticancer therapy (6) . Therefore, it is important to elucidate the molecular mechanisms associated with autophagy-induced cell death.
In the last decade, autophagy signaling pathways and major protein regulators have been identified. The rat microtubule-associated protein 1 light chain (LC)3, is associated with autophagosome membranes following processing (7) . Beclin-1 has also been demonstrated to serve a critical role in autophagosome formation (8) . Furthermore, previous studies have identified tumor suppressor p53 (p53) as a dual modulator of autophagy in regulating cell death and survival (9, 10) . At low energy levels, adenosine monophosphate-activated protein kinase (AMPK), which is activated by p53, is able to activate tuberous sclerosis complex (TSC)2 and thus inhibit mammalian target of rapamycin (mTOR) activity and ultimately increase autophagy (11) .
The authors of the present study have previously demonstrtated that the autophagy rate of granulosa cells (GCs) in rats with PCOS is significantly increased as compared with normal control rats, and that the decrease of ovarian GCs in rats with PCOS may be associated with autophagic cell death (12) . Therefore, in the present study, GCs of rats with PCOS were used as an experimental model and testosterone propionate (TP) was used to induce autophagy. The aim of the present study was to investigate the molecular mechanism associated with the traditional Chinese medicine GZYKF in the treatment of PCOS. Prospec-Tany TechnoGene, Ltd., East Brunswick, NJ, USA) had been subcutaneously administered. All experimental procedures were conducted in accordance with the guidelines of National Institutes of Health for the Care and Use of Laboratory Animals. Rats were raised under a 12-h light/dark cycle, at 22±2˚C and with humidity of 35-45% with ad libitum access to food and water. All rats were sacrificed via cervical dislocation and GCs were subsequently isolated using standard protocols (13) , and 10 million cells were seeded in a 25-cm 2 culture flask with DMEM/F12 culture medium containing 1% penicillin/streptomycin, and 10% FBS, and incubated for 5 days in an atmosphere containing 5% CO 2 at 37˚C. Following 24 h of incubation, non-adherent cells were removed and culture medium was changed every two days.
Effects of Gui Zhu

Materials and methods
Antibodies
Immunohistochemistry. GCs were characterized by immunohistochemical staining to detect the expression of FSHR, which is a specific GC marker (14) . Stably transfected GCs were plated on glass slides prior to fixation in 4% paraformaldehyde. Endogenous peroxidases were blocked by incubation in 3% H 2 O 2 at room temperature for 10 min and 0.1% Triton X-100 was added for 10 min at room temperature. Following washing with PBS three times (3 min each), nonspecific binding was blocked by incubation in PBS containing 5% bovine serum albumin. Anti-FSHR antibody (1:100) was added at 4˚C overnight and non-immune IgG (1:100; cat. no. NIR-IG; Affinity Biologicals, Inc., Ancaster, Canada) was used as a negative control. Following washing with PBS three times (3 min each), horseradish peroxidase-conjugated goat anti-rabbit IgG (1:100; cat. no. S001; Beijing TDY Biotech Co., Ltd.) was added in the dark at 37˚C for 45 min. Antigenic sites were localized using a 3,3'-diaminobenzidine kit (cat. no. ZLI-9018; ZSGB-BIO, Beijing, China). Images were captured on a light microscope.
Cell cytotoxicity assay. The effect of testosterone propionate (TP) on cell growth was assayed using the MTT method (15) . Cells were cultured in 96-well plates (10 4 , 10 -8 and 0 mol/l) in DMEM/F12 medium. Following 24, 48 and 72 h of stimulation with TP, MTT was added to each well (final concentration, 0.5 mg/ml) and incubated for a further 4 h. The viable cell number was directly proportional to the production of formazan following solubilization with 10% sodium dodecyl sulfate. Color intensity was measured at 490 nm. Each condition was performed in triplicate, and data were obtained from at least three separate experiments.
Preparation of GZYKF-containing rat serum. Water soluble extracts of GZYKF were prepared as follows: GZYKF included 20 g Tu Si-zi (Semen Cuscutae), 15 g Bai zhu (Rhizoma Atractylodis Macrocephalae), 15 g Dang gui (Angelica sinensis), 12 g Sha Shen (Adenophora tetraphylla), 15 g Che Qian-zi (Plantago asiatica), 12 g Qian Cao (Rubia cordifolia) and 1 0 g Si Gua-luo (Luffa cylindrica) were used. Herbs were initially subjected to soaking for 1 h in water at room temperature, followed by 1 h of decoction at 100˚C. Extracts harvested from the decoction were vacuum dried, and water soluble extracts of GZYKF were dissolved in double distilled water (ddH 2 O) at 1.8 g/ml.
A total of 40 6-week-old female Sprague-Dawley rats (weight, 200±10 g; Vital River Laboratory Animal Technology Co., Ltd.) were randomly divided into four groups (n=10 each), and housed under the same conditions as the rats used for GC culture. Rats in low, medium and high dose GZYKF groups were administered GZYKF via gavage in doses of 5, 10 and 20 g/kg daily, respectively, whereas rats from the vehicle control group were administered volume-matched ddH 2 O via gavage. Daily dosages of GZYKF were divided into equal shares and administered to rats in the low, medium and high dose groups once, twice or thrice per day for 4 days, respectively. On day 5, following 12 h of fasting, rats were anesthetized by intraperitoneal injection of 0.4% pentobarbital (10 ml/kg; cat. no. 1507002; Sigma-Aldrich; Merck MIllipore) and rat aortic blood was harvested. The majority of rats succumbed to mortality due to blood loss; however, when this was not the case, rats were sacrificed via cervical dislocation. Blood serum was obtained via centrifugation (1,509 x g) of blood at 4˚C for 20 min. Serum was subsequently heat-inactivated at 56˚C for 30 min. Finally, the GZYKF-containing serum was sterilized via filtration through 0.22-μm cellulose ester membranes.
Treatment. GCs were divided into six groups, and each group contained ~3x10 5 cells. Groups 1 (control group) and 6 were treated with 15% FBS. Groups 2 to 6 were treated with
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-5 mol/l TP for 24 h. Groups 2, 3 and 4 were subsequently treated for 72 h with high-dose, medium-dose and low-dose GZYKF-containing serum (2% FBS + 13% rat serum containing GZYKF), respectively. Group 5 was treated with 2% FBS + 13% rat serum without GZYKF.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
GC total RNA was extracted using TRIzol reagent (Beijing CWBio Co., Ltd., Beijing, China). DNase I kit (cat. no. CW2090; CWBio Co., Ltd.) was used to remove genomic DNA. Total RNA was reverse-transcribed into cDNA, using a HiFi-MMLV cDNA kit (cat. no. CW0744; CWBio Co., Ltd.) according to the manufacturer's protocol. qPCR was performed using the Ultra SYBR Mixture (cat. no. CW0956; CWBio Co., Ltd.) and GoldStar Taq DNA Polymerase according to the manufacturer's protocol. Each PCR reaction was performed in a 20 µl system including the following: 10 µl 2X Ultra SYBR Mixture, 0.4 µl forward primer (10 µM), 0.4 µl reverse primer (10 µM), 2 µl cDNA, and 7.2 µl ultrapure water. Gene-specific primer pairs are presented in Table I . PCR was performed at 95˚C for 2 min, followed by 35 cycles of 95˚C for 15 sec, 55˚C for 15 sec, and 68˚C for 20 sec. GAPDH was quantified as an internal control. Results were analyzed using the 2 -ΔΔCq method (16) . Three independent experiments were performed.
Western blot analysis. From each group, ~3x10
6 cells were harvested, and a protein extraction kit (cat. no. WB0001; Beijing TDY Biotech Co., Ltd.) was used on ice for 10 min, followed by centrifugation at 18,000 x g at 4˚C for 20 min. The supernatants were collected, and protein concentration was determined using a BCA assay kit (cat. no. WB0028; Beijing TDY Biotech Co., Ltd.). Equal amounts of protein (10 µg) were separated by 5 (stacking gel) or 10-15% (separation gel) SDS-PAGE and transferred onto a PVDF membrane. The blot was subsequently incubated with 5% non-fat milk in PBS at room temperature for 1 h to block non-specific binding, and membranes were incubated with the following primary antibodies: p53 monoclonal antibody (1:1,000), p-mTOR monoclonal antibody (1:1,000), mTOR monoclonal antibody (1:1,000), AMPKα antibody (1:4,000), LC3 monoclonal antibody (1:2,000), Beclin-1 monoclonal antibody (1:2,000), sestrin antibody (1:2,000), β-actin monoclonal antibody (1:5,000) and GAPDH monoclonal antibody (1:20,000) overnight at 4˚C, and an appropriate peroxidase-conjugated secondary antibody (1:10,000; goat anti-rabbit IgG, cat. no. 111035003; or goat anti-mouse IgG, cat. no. 115035003; both Jackson ImmunoResearch Laboratories, Inc., West Grove, PA, USA) was added for 1 h. Following the final washing with TBST, signals were developed via an electrochemiluminescence detection system (cat. no. WBKLS0500; Merck Millipore), and relative photographic density was quantitated via gel documentation and analysis using the Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA). Three independent experiments were performed. 
Statistical analysis.
Values are presented as the mean ± standard deviation. Statistical significances of differences were analyzed via t-test for two groups, or one-way analysis of variance test for three or more groups. Analyses were performed using SPSS 22.0 software (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
GC isolation and characterization.
Cultured cells adhered gradually and displayed spindle-shaped morphology (Fig. 1A  and B ). Cells were identified as GCs by the presence of FSHR-stained antibodies ( Fig. 1 C and D) . , 10 -7 or 10 -8 mol/l) for 24, 48 and 72 h. Results from an MTT assay of cell viability indicated that, when the concentration of TP was >10 -6 mol/l, TP was able to inhibit the growth of GCs in a time-and dose-dependent manner (Fig. 2) . The minimum TP stimulation time was 24 h. As the number of GCs is lower than normal in the ovaries of rats with PCOS, the optimal concentration of TP was set at 10 -5 mol/l. Cell viability was significantly decreased following 24 h of treatment with 10 -5 mol/l TP, compared with the control group (t=3.68; P=0.021).
GZYKF decreases the autophagy rate of GCs. Beclin-1 and LC3 mRNA and protein levels in cultured GCs were quantified via RT-qPCR and western blotting, respectively, to evaluate the correlation between the reduction of GCs in the ovary with PCOS and autophagy, and the effect of GZYKF on the autophagy rate of GCs. LC3 is a typically-used marker for autophagy activation due to its critical role as a structural protein in autophagosome formation (17) . Beclin-1 was analyzed as a marker of autophagy in the participation and regulation of autophagosomes. The mRNA expression of Beclin-1 and LC3 was demonstrated to be significantly P<0.01 vs. group 5. LC, light chain; TP, testosterone propionate; GZYKF, Gui Zhu Yi Kun formula; group 1, control; group 2, treated with TP and high-dose GZYKF-containing serum; group 3, treated with TP and medium-dose GZYKF-containing serum; group 4, treated with TP and low-dose GZYKF-containing serum; group 5, treated with TP and serum without GZYKF; group 6, treated with TP. Figure 4 . (A) mRNA expression of p53/AMPK signaling pathway-related genes, which were detected via reverse transcription-quantitative polymerase chain reaction, indicated markedly higher expression levels in groups 2, 3, 4, 5 and 6 compared with group 1. (B-D) Western blotting was used to detect the expression levels of p53/AMPK signaling pathway-related proteins. The expression levels of mTOR, p-mTOR, p53, AMPKα and sestrin were increased in the experimental groups compared with group 1. Furthermore, when compared with group 5, p53, mTOR, p-mTOR, AMPKα and sestrin levels were significantly increased in groups 2, 3 and 4. Results for groups 2, 3 and 4 suggest that GZYKF activates mTOR, p-mTOR, AMPKα and sestrin, and inhibits p53 in a dose-dependent manner. Data are presented as mean ± standard error of the mean of three independent experiments. * P<0.05, ** P<0.01, vs. group 5. p53, tumor suppressor p53; AMPK, adenosine monophosphate-activated protein kinase; TSC, tuberous sclerosis protein; mTOR, mechanistic target of rapamycin; p, phosphorylated; TP, testosterone propionate; GZYKF, Gui Zhu Yi Kun formula; group 1, control; group 2, treated with TP and high-dose GZYKF-containing serum; group 3, treated with TP and medium-dose GZYKF-containing serum; group 4, treated with TP and low-dose GZYKF-containing serum; group 5, treated with TP and serum without GZYKF; group 6, treated with TP.
increased in group 5 compared with the control group (both P<0.01). Furthermore, when compared with group 5, high-, medium-and low-dosages of GZYKF, were all able to significantly inhibit mRNA expression of Beclin-1 (all P<0.01), whereas only high-dose GZYKF significantly inhibited the mRNA expression of LC3 (P<0.05; Fig. 3A ). Western blot analysis indicated a significant increase in Beclin-1 and LC3 protein expression levels in groups 5 compared with the control group (both P<0.01). GZYKF significantly decreased the protein expression levels of Beclin-1 (all P<0.01), whereas LC3 was not significantly affected by GZYKF (Fig. 3B and C) .
Effect of GZYKF on the p53/AMPK signaling pathway.
RT-qPCR and western blotting were used to detect changes in molecules from the p53/AMPK signaling pathway following culture of GCs with GZYKF-containing serum. mTOR has a role in the inhibition of autophagy, whereas p53, AMPK, sestrin2, TSC1 and TSC2 promote autophagy (18) . In the present study, mRNA expression levels of mTOR, p53, AMPK, sestrin2, TSC1 and TSC2 were significantly higher in group 5 than the control group (all P<0.05). Furthermore, in groups 2 and 3, significantly lower levels of p53 (both P<0.05) and sestrin2 mRNA (both P<0.01) as compared with group 5; however no significant difference was observed between groups 4 and 5. Furthermore, no significant difference was observed among the expression levels of TSC1, TSC2 and mTOR mRNA in groups 2, 3, 4 and 5. When compared with group 5, the level of AMPK mRNA was significantly higher in group 4 (P<0.05; Fig. 4A ). Results of western blot analysis demonstrated that mTOR, p-mTOR, p53, AMPKα and sestrin protein levels in group 5 were significantly decreased compared with those in the control group (all P<0.05). Significantly higher levels of these proteins were exhibited in groups 2 (all P<0.05), 3 (all P<0.01) and 4 (all P<0.01) than in group 5. The results for groups 2, 3 and 4 further revealed a dose-dependent relationship between GZYKF and these proteins, as and increasing dose of GZYKF has a positive association with mTOR, p-mTOR, AMPKα and sestrin activation, whereas increasing inhibition of p53 was observed when the GZYKF dosage was increased (Fig. 4B-D) .
Discussion
In the present study, data generated from the MTT assay for cell viability indicated that TP inhibits GC growth when applied at a concentration of >10 -6 mol/l. Prevalent and characteristic traits of PCOS are hyperandrogenemia and a reduced number of ovarian GCs (19) . Therefore, TP may be used to induce a PCOS cell model in vitro. Various studies have reported autophagic cell death as one of the major mechanisms of cell death (20) (21) (22) . The present findings suggest that TP activates autophagy, and that reduced ovarian GCs in PCOS may be associated with autophagy. The present study has also demonstrated that GZYKF may have the ability to decrease Beclin-1 protein, Beclin-1 mRNA and LC3 mRNA expression, which suggests that GZYKF potentially increases GC numbers by reducing autophagic cell death.
Finally, the results of the present study suggest that GZYKF mediates the p53/AMPK signaling pathway, which is closely associated with cell autophagy. There is a growing body of evidence supporting the ability of p53 to both upregulate and downregulate autophagic cell death (23) (24) (25) . The results of the present study suggest that GZYKF may increase the expression levels of mTOR to inhibit autophagy, which may be associated with p53, AMPK and sestrin activation. p53, which is activated by GZYKF, further activates mTOR to inhibit autophagy in the cytoplasm. When p53 is activated by GZYKF in the nucleus, it also activates AMPK and sestrin, which acts as a feedback in mTOR inhibition, thereby activating autophagy. Therefore, on a cellular level, regulation of these proteins in the cytoplasm may be the primary mechanism associated with the therapeutic effects of GZYKF. A recent study by An et al (26) also reported that reductions in p53 and p-mTOR levels may promote autophagy. However, the disaccord between gene and protein expression of p53, AMPK and mTOR may suggest that the mechanism underlying GZYKF-regulated mediation of the p53/AMPK signaling pathway is associated with the transcription of mRNA and protein expression. Alternative hypotheses are that high-dose GZYKF is able to inhibit protein degradation, or that GZYKF may have multiple targeting functions.
In conclusion, the present study suggests that TP is able to induce a PCOS cell model in vitro, and that GZYKF mediates the p53/AMPK signaling pathway, and thereby inhibits GC autophagy, which may be the underlying mechanism of the therapeutic effects of GZYKF on PCOS.
